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20 January 2000 (20.01.00) 



1. The following indications appeared on record concerning: 
| | the applicant | | the inventor X the agent 



| | the common representative 



Name and Address 


State of Nationality 


State of Residence 


ATKINSON, Jonathan, David, Mark 

Dibb Lupton Alsop 

Fountain Precinct 

Balm Green 

Sheffield 

South Yorkshire S1 1RZ 
United Kingdom 






Telephone No. 
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2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

| | the nationality | | the residence 



the person 



the name 



the address 



Name and Address 


State of Nationality 


State of Residence 
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United Kingdom 






Telephone No. 

44 113 290 1400 


Facsimile No. 
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Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
| X | the receiving Office 
| [ the International Searching Authority 
| X | the International Preliminary Examining Authority 



| | the designated Offices concerned 
| X| the elected Offices concerned 
| | other: 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Pascal Piriou 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 
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Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 



Date of mailing (day/month/year) 

14 September 2000 (14.09.00) 


in its capacity as elected Office 


International application No. 
PCT/GBOO/00125 


Applicant's or agent's file reference 
P7 1276. WO 


International filing date (day/month/year) 
20 January 2000 (20.01.00) 


Priority date (day/month/year) 

25 January 1999 (25.01.99) 


Applicant 

WILDE, Peter, Frederick 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 
11 August 2000(11.08.00) 



| | in a notice effecting later election filed with the International Bureau on: 



The election 



0 
□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of W1PO 


Authorized officer 


34, chemin des Colombettes 


Pascal Piriou 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 
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Our ref: 

BY FAX: 
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Pages: 



NPS/P71276WO 

0049 89 2399 4465 
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CONFIDENTIALITY NOTICE 
This fax message is copyright and its content is 
confidential until such a time as it is legitimately placed on 
the public record. If you are not the intended recipient, you 

should be careful to respect this confidentiality, neither 
passing the content on, nor taking any personal advantage 
of it. Please let us know if you have received this fax in 
error. 



Dear Sirs 

International Patent Application No PCT/GB00/00125 
Naturol Limited 



I refer to the written opinion in the International Preliminary Examination of this application dated 
10 th November 2000. In the opinion the examiner suggests that claims 1 to 8 of the present 
application are not novel with respect to WO 95/26794. The applicant respectfully disagrees. 

W095/26794 describes a process for extracting natural products such as flavoured or aromatic oils 
and biologically active compounds such as pesticides and pharmaceuticals using a C M (hydro) 
fluorocarbon and a co-solvent. It may first be noted that the materials which are extracted in 
accordance with this reference are very different from the fixed oils and mineral oils with which the 
present application is concerned. The oils described in W095/26794 tend to be light and volatile in 
contrast to the non-volatile oils to which the present invention relates. It is furthermore important 
to note that the process described in WO 95/26794 requires an evaporation and condensing step of 
the solvent which is precisely the technique which the present invention seeks to avoid. See for 
example W095/26794 at page 6 - penultimate paragraph, page 7 - last complete paragraph and the 
General Procedure outlined on page 8. See also page 5 - lines 6 to 8, page 6 -lines 1 to 5, page 16 - 
lines 7 to 15 and 17 to 21, page 17 - lines 8 to 14 and the examples beginning at pages 19 and 22 of 
the present application. The examiner's attention is also drawn to the particular wording of Claim 
1 of the present application in which it is stated that after the heating stage in step b), the resulting 
solution is separated from the substance in step c) and the oil is released from the solution in step 
d). This wording makes it quite clear that a distillation and condensation stage is not contemplated 
by the present invention as claimed. 



A Kst of the names and professional qualifications of the partners 
is open to inspection at the above adcfress. 



Harrison Goddard Foote has offices in Leeds. Manchester 
and Sheffield. 



9 February 2001 



The examiner's comment that it is known that solubility of a given substance may increase with 
increasing temperature of the solvent is, of course, correct. However, the mere fact that a particular 
solvent is a good solvent for substance A at a range of temperatures, provides no information about 
the suitability of that solvent for a different substance B. W095/26794 deals with different 
substances from those with which the present application is concerned. Furthermore, whilst the 
examiners statement is generally true, one cannot necessarily draw the further conclusion that the 
increase in solubility in a given solvent with increasing temperature will render it suitable for use in 
a process as described in the present application, and there is nothing in the prior art which suggests 
that the solvent 1, 1, 1,2- tetrafluoroethane would be suitable in that process, with or without a co- 
solvent. For these reasons it is believed that the present claims are patentably distinct from the 
teaching of W095/26794. Claim 1 has been amended for consistency by changing "method" in 
line 1 to "process". 

The examiner also objects that the apparatus claims (Claims 9-16) are not novel with respect to 
US4 33 1 695. Bearing in mind that Claim 9 of the present application specifically relates to an 
apparatus including HFC 134a as the solvent, it is assumed that the examiner is basing his 
objection on the mention at column 2 - lines 32 to 36 of US4 33 1 695 of halogenated 
hydrocarbons, even though there is a specific teaching against the use of these materials. 
Nevertheless, in order to fully distinguish the apparatus claims from the teaching of US4 33 1 695, 
we are filing herewith new Claims 9-15 in which former Claim 9 has been combined with former 
Claim 12 and consequential amendments have been made to the remaining claims. It is important 
to appreciate that US4 33 1 695 describes a process in which the oil is first extracted from the 
substrate at a given temperature and pressure which is below the critical temperature of the solvent. 
The solvent carrying the oil is then transferred to the second chamber where it is heated to a 
temperature above the critical temperature so that its density is lowered and the oil precipitates. 
This is in contrast to the present invention in which there is no requirement for the solvent to be 
heated above its critical temperature and, in the second stage of the process, the solvent is cooled in 
order to precipitate the oil. There is therefore a clear distinction from the teaching of US4 33 1 695. 

We now await issuance of the International Preliminary Examination Report. Meanwhile, we 
enclose EPO Form 1037 to enable you to acknowledge receipt of this letter. 

Yours faithfully 




Sanderson, Nigel Paul 
European Patent Attorney 



Enc: EPO Form 1037 
Amended Claims 
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PCT 

WRITTEN OPINION 
(PCT Rule 66) 








Date of mailing 
(day/month/year) 


10.11.2000 


Applicant's or agent's file reference 
NPS/P71276WO 


REPLY DUE 


within 3 month(s) 

from the above date of mailing 


International application No. 
PCT/GBOO/00125 


International filing date (day/month/year) 
20/01/2000 


Priority date (day/month/year) 
25/01/1999 


International Patent Classification (IPC) or both national classification and IPC 

C11B1/10 — 


Applicant 

NATUROL LIMITED et al. ' 



1 . This written opinion is the first drawn up by this International Preliminary Examining Authority. 

2. This opinion contains indications relating to the following items: 
I Basis of the opinion 



|_aCK Oi Uniiy <JI uivwmuwii 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




vm 


□ 



4. 



Certain defects in the international application 
Certain observations on the international application 

The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may. before the expiration of that time limit, 
request this Authority to grant an extension, see Rule 66.2(d). 

How' By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 

For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also- For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis. 
For an informal communication with the examiner, see Rule 66.6. 

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 
The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 25/05/2001 . 



Name and mailing address of the international 
preliminary examining authority: 

— European Patent Office 

Af\ D-80298 Munich 

ig/' Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer / Examiner 
Boonen, J 



Formalities officer (incl. extension of time limits) 
Mastropietro, M 

Telephone No. +49 89 2399 8092 



Form PCT/IPE A/408 (cover sheet) (January 1994) 



WRITTEN OPINION 



International application No. PCT/G BOO/001 25 



I. Basis of the opinion 

1 . This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
■ response to an invitation under Article 14 are referred to in this opinion as "originally filed".): 



in i 

Description, pages: 

1 -25 as originally filed 

Claims, No.: 

1-16 as originally filed 

Drawings, sheets: 

1/1 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: t which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/iPEA/408 (Boxes I- VIII. Sheet 1) (July 1998) 



WRITTEN OPINION 



International application No. PCT/GB00/001 25 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed tc 
report,) 



6. Additional observations, if necessary: 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrialapplicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1 -1 6 no 

Inventive step (IS) Claims 1-16 no 

Industrial applicability (IA) Claims 1 -1 6 yes 

2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
s e separate sheet 



Form PCT/IPEA/408 (Boxes I- VIII. Sheet 2) (July 1998) 



WRITTEN OPINION International application No. PCT/GB00/00125 
SEPARATE SHEET 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . The present claims 1 to 8 are not novel contrary to the requirements of Article 
33(2) PCT. 

Document D1 WO-A-9 526 794 discloses in the locations cited in the Search 
Report a process for the extraction of oil from natural products. 
In examples 1 and 10 the solvant used is 1.1.1.2-tetrafluoroethane and for 
example dimethyl ether. 

It is notified to the Applicant that it is known in the art that with elevated 
temperature the solvability of the oil increases. The Cacao butter for example will 
become more soluble. 

2. The present claims 9 to 1 6 are also not novel. 

Document D2 US-A-4 331 695 discloses in claim 1 and in figure 1 and in column 1 
and 2 the same sealable apparatus as presently claimed. 

Re Item VII 

Certain defects in the international application 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D2 is not mentioned in the description, nor are 
these documents identified therein. 
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Correspondence with the EPO on PCT Chapter II demands 



In order to ensure that your PCT Chapter II demand is dealt with as promptly as possible you are 
requested to use the enclosed self-adhesive labels with any correspondence relating to the demand sent 
to the Munich Office. 

One of these labels should be affixed to a prominent place in the upper part of the letter or form etc. whic 
you are filing. 
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INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

SANDERSON, Nigel P. 
Harrison Goddard Foote 
Tower House 
Merrion Way 
Leeds LS2 8 PA 
GRANDE BRETAGNE 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 



Date of mailing 
(day/month/year) 



30.04.2001 



Applicant's, or agent's file reference 
NPS/P71276WO 


IMPORTANT NOTIFICATION 


International application No. 
PCT/GB00/00125 


International filing date (day/month/year) 
20/01/2000 


Priority date (day/month/year) 
25/01/1999 


Applicant 

NATUROL LIMITED et al. 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the IPEA/ 



European Patent Office 
D-80298 Munich 



Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Le Bolloch, C 

Tel.+49 89 2399-8091 



PCT/IPEA/416 (July 1992) 



PATENT COOPEF^ION TR^TY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
NPS/P71276WO 


See Notification of Transmittal of International 
FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/G BOO/00 125 


International filing date (day/month/year) 
20/01/2000 


Priority date (day/month/year) 
25/01/1999 


International Patent Classification (IPC) or nat 
C11B1/10 


ional classification and IPC 


Applicant 

NATUROL LIMITED et al. 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 4 sheets, including this cover sheet. 

El This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 4 sheets. 



3. This report contains indications relating to the following items: 





El 


II 


□ 


III 


□ 


IV 


□ 


V 


El 


VI 


□ 


VII 


El 


VIII 


□ 



citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 



Date of submission of the demand 
11/08/2000 



Date of completion of this report 
30.04.2001 



Name and mailing address of the international 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Boonen, J 

Telephone No. +49 89 2399 8513 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB00/001 25 



I. Basis of th report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -25 as originally filed 

Claims, No.: 

1-15 as received on 09/02/2001 with letter of 08/02/2001 

Drawings, sheets: 

1/1 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/JPEA/409 (Boxes l-VNI, Sheet 1) (July 1998) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/001 25 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been madej since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-15 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-15 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-15 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July .1998) 



INTERNATIONAL PRELIMINARY International application No. PCTAGB00/001 25 
EXAMINATION REPORT - SEPARATE SHEET 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. The present claims 1 to 16 are both novel and inventive as required by Article 
33(2,3) PCT. 

None of the cited prior art discloses extracting oil with 1 .1 .1 .2-tetrafluoroethane 
wherein oil is released from the solution in a second vessel. 
The second vessel is cooled. 

The solvent in the second vessel is cooled and the oil precipitates. 
Contrary to the prior art, there is no evaporation and condensing step. 

There is no requirement of the solvent to be heated above his critical temperature. 
Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the document WO-A-9 526 794 is not mentioned in the description, 
nor is this document identified therein. 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 
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Claims 

1. A process of extracting oil from a substance, 
the method comprising the steps of : 

a) contacting the substance with a solvent 
comprising HFC 134a # and optionally one or more 
co-solvents, in a sealed first vessel; 



10 b) elevating the temperature of the sealed first 

vessel, and optionally causing agitation of the 
heated mixture; 

c) separating the resulting solution from the 
15 substance by transferring the solution to a 

second vessel; 

d) cooling at least the second vessel to release 
oil from solution; and 



e) separating the oil from the solution • 

2. A process as claimed in claim 1, wherein the 
co-solvent is liquid at room temperature. 



3. A process as claimed in claim 1, wherein the 
co-solvent is selected from the group comprising: 
hydrocarbons; low boiling aliphatic esters; ketones; 
chlorinated, fluorinated and chlorof luorinated 

30 hydrocarbons; ethers; dimethyl formamide; 

tetrahydrof uran; dimethyl sulphoxida; alcohols; 

carboxylic acids; acetic anhydride; and nitriles* 



35 



4. A process as claimed in claim 3, wherein the 
co-solvent is selected from the group comprising: 




alkanes; benzene and its esters; acetates and butyrates; 
acetone; methyl isobutyl ketone; methyl ethyl ketone; 
dichlororaethane; dichloro dif luoromethane; dimethyl 
ether; diethyl ether; methyl alcohol; ethyl alcohol; n- 
5 propanol; iso-propanol ; acetic acid; formic acid; and 
acetonitrile (methyl cyanide) anhydrous liquified 
ammonia; liquified sulphur dioxide; nitric oxide; 
nitrogen dioxide; nitrous oxide, and hydrogen sulphide, 
carbon disulphide, nitromethane, and nitrobenzene* 

10 

5. A process as claimed in claim 3 or 4, wherein 
the co-solvent is selected from the group comprising: 
lower alkanes, lower alcohols (ie Cs or lower), acetone, 
dimethyl ether and diethyl ether. 

15 

6, A process as claimed in any preceding claim, 
wherein the sealed first vessel is heated to a 
temperature of from 40 to 60°C, inclusive in step (b) ♦ 

20 7. A process as claimed in any preceding claim/ 

wherein the second vessel is cooled to a temperature in 
the range -10° to 25°C, inclusive, in step (d) . 

8 . A process as claimed in any preceding claim, 
25 wherein the substance is selected from the group 

comprising: seeds, nuts, ground nuts, and oil shale or 
mud. 

9. A sealable apparatus comprising first and 
30 second vessels, each vessel having at least one closable 

valve through which solvent may pass, wherein the first 
and second vessel are in fluid communication with one 
another by means of the closable valves, wherein the 
first vessel is adapted to receive a substance from which 
35 oil is to be extracted and incorporates a filtering 
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device to prevent passage of the substance out of the 
first vessel through the or each valve and the second 
vessel is provided with cooling means and/or is 
associated on its inlet side with means for cooling 
incoming solution, and wherein a solvent comprising HFC 
134a together with one or more optional co-solvents is 
provided in the first vessel and may be transferred 
between the first and second vessels via the or each 
valve . 

10. Apparatus as claimed in claim 9, wherein the or 
each valve is a one way valve and the first and second 
vessels each have an inlet valve and an outlet valve, the 
apparatus being arranged in the form of a circuit so that 
the outlet valve of the first vessel is connected to the 
inlet valve of the second vessel, and the outlet valve of 
the second vessel is connected to the inlet valve of the 
first vessel, so that the flow of solvent around the 
circuit occurs in one direction only. 

11. Apparatus as claimed in claim 9 or 10, wherein 
the first vessel is provided with a heating means and/or 
is associated on its inlet side with means for heating 
incoming solvent . 

12. Apparatus as claimed in any of claims 9 to 11 
wherein the apparatus includes a reservoir of additional 
solvent and means for introducing or removing solvent 
from the circuit r the point of addition or removal of 
solvent from the circuit preferably being between the 
outlet side of the second vessel and the .inlet side of 
the first vessel. 

13. Apparatus as claimed in any of claims 9 to 12, 
wherein the apparatus includes means for withdrawing from 
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the second vessel directly and/or from the inlet side of 
the second vessel . oil which has separated from the 
solvent . 

5 14. Apparatus as claimed in any of claims 9 to 13, 

wherein the apparatus includes means for determining the 
pressure in the circuit and/or the temperature of th 
first and second vessels. 

10 15. Apparatus as claimed in any of claims 9 to 15 

wherein the first and second vessels are transparent 
pressure vessels capable of withstanding pressures of not 
more than 25 bar. 
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report.) 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
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1. Statement 



Novelty (N) 


Yes: 


Claims 


1-15 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-15 




No: 


Claims 




Industrial applicability (IA) 


Yes: 


Claims 


1-15 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
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Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. The present claims 1 to 16 are both novel and inventive as required by Article 
33(2,3) PCT. 

None of the cited prior art discloses extracting oil with 1.1.1 .2-tetrafluoroethane 
wherein oil is released from the solution in a second vessel. 
The second vessel is cooled. 

The solvent in the second vessel is cooled and the oil precipitates. 
Contrary to the prior art, there is no evaporation and condensing step. 

There is no requirement of the solvent to be heated above his critical temperature. 
Re Item VII 

Certain defects in the international application 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the document WO-A-9 526 794 is not mentioned in the description, 
nor is this document identified therein. 
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Claims 

1. A method of extracting oil from a substance, 
the method comprising the steps of: 



a) contacting the substance with a solvent 
comprising HFC 134a, and optionally one or more 
co-solvents, in a sealed first vessel; 

3 b) elevating the temperature of the sealed first 

vessel, and optionally causing agitation of the 
heated mixture; 

c) separating the resulting solution from the 
5 substance by transferring the solution to a 

second vessel; 

d) cooling at least the second vessel to release 
oil from solution; and 

0 

e) separating the oil from the solution. 

2 . A process as claimed in claim 1 , wherein the 
co-solvent is liquid at room temperature. 

5 3. A process as claimed in claim 1, wherein the 

co-solvent is selected from the group comprising: 
hydrocarbons; low boiling aliphatic esters; ketones; 
chlorinated, fluorinated and chlorof luorinated 

hydrocarbons ; ethers ; dimethyl f ormamide ; 
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tetrahydrof uran; ' dimethyl sulphoxide; alcohols; 

carboxylie acids; acetic anhydride; and nitriles. 



4. A process as claimed in claim 3, wherein the 
5 co-solvent is selected from the group comprising: 

alkanes; benzene and its esters; acetates and butyrates; 
acetone; methyl isobutyl ketone; methyl ethyl ketone; 
dichloromethane; dichloro dif luoromethane ; dimethyl 
ether; diethyl ether; methyl alcohol; ethyl alcohol; n- 
10 propanol; iso-propanol ; acetic acid; formic acid; and 
acetonitrile (methyl cyanide) anhydrous liquefied 
ammonia, liqufied sulphur dioxide, nitric oxide, nitrogen 
dioxide, nitrous oxide, and hydrogen sulphide, carbon 
disulphide, nitromethane, and nitrobenzene. 

15 

5. A process as claimed in claim 3 or 4 , wherein 
the co- solvent is selected from the group comprising: 
lower alkanes, lower alcohols (ie C s or lower) , acetone, 
dimethyl ether and diethyl ether. 

20 

6. A process as claimed in any preceding claim, 
wherein the sealed first vessel is heated to a 
temperature of from 40 to 60°C, inclusive in step (b) . 

25 7. A process as claimed in any preceding claim, 

wherein the second vessel is cooled to a temperature in 
the range - 10° to 25°C, inclusive, in step (d) . 



30 



wherein 



A process as claimed in any preceding claim, 
the substance is selected from the group 
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comprising: seeds, nuts, ground nuts, and oil shale or 
mud. 



9. A sealable apparatus comprising first and 
5 second vessels, each vessel having at least one closable 
value through which solvent may pass, wherein the first 
and second vessel are in fluid communication with one 
another by means of the closable valves, wherein the 
first vessel is adapted to receive a substance from which 

10 oil is to be extracted and incorporates a filtering 
device to prevent passage of the substance out of the 
first vessel through the or each valve, and wherein a 
solvent comprising HFC 134a together with one or more 
optional co-solvents is provided in the first vessel and 

15 may be transferred between the first and second vessels 
via the or each valve. 



10. Apparatus as claimed in claim 9, wherein the or 
each valve is a one way valve and the first and second 

20 vessels each have an inlet valve and an outlet valve, the 
apparatus being arranged in the form of a circuit so that 
tlie outlet valve of the first vessel is connected to the 
inlet valve of the second vessel , and the outlet valve of 
the second vessel is connected to the inlet valve of the 

25 first vessel, so that the flow of solvent around the 
circuit occurs in one direction only. 

11. Apparatus as claimed in claim 9 or 10, wherein 
the first vessel is provided with a heating means and/or 

30 is associated on its inlet side with means for heating 
incoming solvent . 
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12. -Apparatus as claimed in claim 9, 10 or 11, 
wherein the second vessel is provided with cooling means 
and/or is associated on its inlet side with means for 
cooling incoming solution. 

13 . Apparatus as claimed in any of claims 9 to 12 

wherein the apparatus includes a reservoir of additional 

solvent and means for introducing or removing solvent 

from the circuit, the point of addition or removal of 

solvent from the circuit preferably being between the 

outlet side of the second vessel and the inlet side of 

» 

the first vessel. 

14. Apparatus as claimed in any of claims 9 to 13, 
wherein the apparatus includes means for withdrawing from 
the second vessel directly and/or from the inlet side of 
the second vessel oil which has separated from the 
solvent . 

15. Apparatus as claimed in any of claims 9 to 14, 
wherein the apparatus includes means for determining the 
pressure in the circuit and/or the temperatures of the 
first and second vessels. 

16. Apparatus as claimed in any of claims 9 to 15 
wherein the first and second vessels are transparent 
pressure vessels capable of withstanding pressures of not 
more than 2 5 bar. 
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PROCESS FOR EXTRACTING FIXED AND MINERAL OILS 

The present invention relates to a method of 
extracting and concentrating oils from materials in which 
5 the oils are already dispersed. More particularly, the 
present invention is concerned with the extraction of 
fixed oils or mineral oils from materials using a process 
of solvent extraction which is performed under pressure. 

10 The term "Fixed Oil" is usually used to describe 

oils of vegetable or animal origin which are not volatile 
oils. They routinely comprise natural mixtures of mono-, 
di and tri-glycerides , fatty acids, sterols (and their 
esters) and natural waxes. 

15 

"Mineral Oil" is a term usually used to describe 
petrochemical oils often derived from below ground level, 
which are normally mixtures of aliphatic and aromatic 
hydrocarbons of a very wide variety of chain length and* 

2 0 molecular weight. These oils are often the sources of 

lubricating and fuel oils. 

In a previous patent specification (GB 2,276,392), 
we described the use of 1,1,1,2 - tetraf luoroethane (HFC 
25 134a or R 134a) as a solvent for the extraction of 
fragrant and aromatic essential oils from natural 
sources. The term "Essential Oil" is usually used to 
describe those volatile oils of low molecular weight 
which incorporate the fragrance and flavour of components 

3 0 derived from plant materials. 
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However HFC 134a is in fact a very poor solvent for 
many compounds, particularly less volatile compounds. 
Thus, whilst HFC 134a is able to dissolve some essential 
oils thereby facilitating extraction of such oils from 
5 plant-based materials, this solvent is not able easily to 
dissolve compounds of lower volatility such as fixed 
oils. HFC 134a is therefore capable of extracting only 
very high quality fragrant and aromatic essential oils ie 
delicate oils of high volatility and low molecular weight 
10 and it will not dissolve the fixed oils which are also 
frequently associated with these components in the 
natural raw material . 



Furthermore, HFC 134a (which was developed in the 
15 late 1980" s as a refrigerant intended to replace the 
environmentally unacceptable R12 - dichloro 

dif luoromethane) is so poor a solvent that it is not even 
adequately miscible with or soluble in the mineral oils 
traditionally used as lubricants in refrigeration 
20 compressors. This problem was so severe, in fact, that 
the chemical industry was obliged to synthesise 
completely new families of lubricants for use in 
refrigeration compressors in which HFC 134a was to be 
used as the refrigerant. HFC 134a is therefore 

25 conventionally regarded as a very poor solvent. 



Presently, there is no convenient and economical 
method of obtaining fixed oils from natural sources. The 
preparation of bulk commodity "fixed oils" for culinary 
30 cosmetic, food, pharmaceutical etc use, frequently from 
seeds and nuts such as corn (maize), ground nuts, 
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sunflower seeds, grape pips, rape seeds, olive pits, oil 
palm nuts, sesame seeds, 'evening primrose" seeds, cocoa 
beans, copra (dried coconut flesh) etc, is normally 
carried out in the first instance by a pressing 
procedure. This is not a particularly efficient method 
of obtaining the oils and results in significant wastage. 

The seeds or other raw materials are mechanically 
disrupted and then the oil is squeezed out of the 
disrupted seed bio-mass in some form of filter press. 
Hydraulic, screw and continuous cavitation screw presses 
are well known internationally as means of expelling such 
oils. The oil obtained by such pressing (in the case of 
olive oil, for instance) is referred to in product for 
retail sale as virgin or extra virgin or cold-pressed 
olive oil. 



Such presses, however, are only able to expel and 
remove a proportion of the fixed oils from the pressed 
cake. The remaining oil in the cake may be allowed to 
remain there and such "oil cake" is widely traded as 
animal food. However, in some cases (for example soya, 
evening primrose etc) it would be economically foolish to 
discard the cake at this stage and steps are taken to 
obtain more oils from the cake by means of solvent 
extraction. 

In these circumstances, the oil cake is usually 
stirred or otherwise dispersed and brought in contact 
with a countercurrent of solvent such as hexane in which 
the fixed oil dissolves. in the past, benzene, 



10 
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dichloromethane and other good solvents for such oils 

have been employed for this purpose. However, the 

traditional good solvents suffer the drawback that they 
are frequently toxic or hazardous to health. 

The solution of fixed oil in the solvent is filtered 
and the solvent is then evaporated to release the oil. 
To achieve optimum economics, the cake may be "rinsed" 
several times with fresh solvent in order to remove the 
final traces of oil from it. After drying to remove the 
solvent the cake may then be sold for inclusion in animal 
food. However, traces of solvent may remain in the 
animal cake . 



Steam injection into the oil (stripping) is 
frequently used as a means of lowering much of the final 
residue of solvent from the oil. However, it is 
inevitable that a proportion of residual solvent is still 
present and this is detectable in the oil derived by such 
processes. The disadvantages of the process of solvent 
extraction thus include the loss of solvent and the risk 
of fire hazards since the solvent is usually highly 
flammable . 



2 5 • Moreover the loss of solvent almost always occurs as 

a vapour in the form of a "VOC" (volatile organic 
compound) which is highly undesirable from an 
environmental viewpoint because it can lead to 
photochemical ozone generation. 



30 
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The finished product from such processes are often 
intended for public consumption and the presence of toxic 
or harmful residues may present difficulties when seeking 
regulatory approval of the finished product. 

The evaporation of the solvent from the solution of 
the oil, and the solvent recovery by condensation is 
expensive on account of the energy costs. 

The present invention thus aims to provide an 
economical process which is also able to provide the 
extracted oils in relatively high yield. It is also an 
aim to provide a quick extraction process which can be 
used commercially. 

It is also an aim to provide a process which is easy 
to run and which does not require bulky or complicated 
apparatus. It is another aim to use a solvent which is 
not environmentally damaging and which does not have any 
significant photochemical ozone generating potential. 
Such a process aims to eliminate or reduce the losses of 
solvent during the extraction process. Indeed, it is a 
further aim to provide a process in which solvent losses 
are minimised so that there is substantially 100% solvent 
recovery . 



It is also an aim to avoid the risk of fire or 

explosion by using a non-flammable solvent system, or at 

least a system having a significantly reduced risk of 
fire or explosion. 
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It is also an aim to achieve a reduction in the or 
the absence of any toxic solvent residues in the final 
product. It is thus intended to dispense with the need 
for the elimination of or 'evaporation and condensation of 
large quantities of solvents. 

According to one aspect of the present invention, 
there is provided a method of extracting oil from a 
substance, the method comprising the steps of: 

a) contacting the substance with a solvent 
comprising HFC 134a, and optionally one or more 
co-solvents, in a sealed first vessel; 

b) elevating the temperature of the sealed first 
vessel, and optionally causing agitation of the 
heated mixture; 

c) separating the resulting solution from the 
substance by transferring the solution to a 
second vessel; 

d> cooling at least the second vessel to release 
oil from solution; and 

e) separating the oil from the solution. 

Surprisingly, we have found that HFC 134a, though a 
very poor solvent for fixed and mineral oils at low 
temperature, is actually a very much better solvent at 
elevated temperature. At 40 degrees Celsius for example, 
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cocoa butter (a fixed oil) dissolves in HFC 134a to a 
substantial extent, despite the fact that at a 
temperature only a few degrees lower, ie room 
temperature, cocoa butter does not dissolve to any 
appreciable extent in HFC 134a. The reason for this 
significant change in solubility of cocoa butter and 
other fixed and mineral oils is not presently understood. 
It is however speculated that the effect may be due 
perhaps to a change in the viscoelastic properties of the 
•bound 1 fixed oil or mineral oil at a slightly elevated 
temperature . 



According to another aspect of the present 
invention, there is provided a sealable apparatus 
comprising first and second vessels, each vessel having 
at least one closable value through which solvent may 
pass, wherein the first and second vessel are in fluid 
communication with one another by means of the closable 
valves, wherein the first vessel is adapted to receive a 
substance from which oil is to be extracted and 
incorporates a filtering device to prevent passage of the 
substance out of the first vessel through the or each 
valve, and wherein a solvent comprising HFC 134a together 
with one or more optional co-solvents is provided in the 
first vessel and may be transferred between the first and 
second vessels via the or each valve. 



In an embodiment, the or each valve is a one way 
valve and the first and second vessels each have an inlet 
valve and an outlet valve, the apparatus being arranged 
in the form of a circuit so that the outlet valve of the 



WO 00/43471 



PCT/GB00/00125 



8 



first vessel is connected to the inlet valve of the 
second vessel, and the outlet valve of the second vessel 
is connected to the inlet valve of the first vessel, so 
that the flow of solvent around the circuit occurs in one 
direction only. 

In another embodiment, the first vessel is provided 
with a heating means and/or is associated on its inlet 
side with means for heating incoming solvent. 

In a further embodiment, the second vessel is 
provided with cooling means and/or is associated on its 
inlet side with means for cooling incoming solution. 

In a further embodiment the apparatus includes a 
reservoir of additional solvent and means for introducing 
or removing solvent from the circuit. Preferably, the 
point of addition or removal of solvent from the circuit 
is between the outlet side of the second vessel and the 
inlet side of the first vessel. 

In another embodiment, the apparatus includes means 
for withdrawing from the second vessel directly and/or 
from the inlet side of the second vessel oil which has 
separated from the solvent. 

In a further embodiment, the apparatus includes 
means for determining the pressure in the circuit and/or 
the temperatures of the first and second vessels. 
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In a further embodiment, the first and second 
vessels are transparent pressure vessels capable of 
withstanding pressures of not more than 25 bar. 

HFC 134a is a very poor solvent at ambient 
temperature as discussed- above. At elevated temperatures 
its dissolving properties are improved somewhat but they 
are still relatively poor. Some solutes (such as fatty 
acids and triglycerides) are only slightly soluble even 
in hot HFC 134a ie a temperature of about 40 to 60 °C. 

In an embodiment of the process of the present 
invention, the solvent may be a mixture of HFC 134a and a 
co-solvent in which the desired oil is relatively 
soluble. The dissolving properties of HFC 134a are 
significantly increased by the addition of a co-solvent. 

Suitable co- solvents which can be added to HFC 134a 
may be liquids at room temperature or liquefied gases. 

For example, hydrocarbons such as the alkanes, 
benzene and its esters, low boiling aliphatic esters such 
as acetates and butyrates, ketones such as acetone, 
methyl isobutyl ketone, methyl ethyl ketone, chlorinated, 
fluorinated and chlorof luorinated hydrocarbons such as 
dichloromethane and. dichloro dif luoromethane , ethers and 
such as dimethyl ether and diethyl ether, dimethyl 
formamide, tetrahydrof uran, dimethyl sulphoxide, alcohols 
such as methyl alcohol, ethyl alcohol, n-propanol, iso- 
propanol, acids such as acetic acid, formic acid and even 
acetic anhydride, nitriles such as acetronitrile (methyl 
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cyanide) , anhydrous liquefied ammonia and other liquefied 
gases such as sulphur dioxide, nitric oxide, nitrogen 
dioxide, nitrous oxide, liquefied hydrogen sulphide, 
carbon disulphide, nitromethane , and nitrobenzene could 
5 all be used in this process. 

Liquefied gases are preferred for ease of recovery 
of the extracted oil. These also have the benefit of 
resulting in low residue levels in both oil and spent raw 
10 material. 

It is also important that the co-solvent does not 
damage the raw-material or the extract chosen and that 
the co-solvent is not toxic or hazardous to health. For 
15 this reason, lower alkanes and lower alcohols (ie C 5 or 
lower) , acetone, dimethyl ether and diethyl ether are 
particularly preferred as co-solvents. 

One example of the use of a solvent mixture is in 
20 the extraction of ground nut oil. Ground nut oil does 
not appreciably dissolve in HFC 134a alone even at 60 
degrees Celsius (when its vapour pressure is of the order 
of 16 bar) . 

25 Ground nut oil readily dissolves in liquid butane at 

ambient temperature. However, this fact is of little 
value in an extraction process because a solution of 
ground nut oil in liquid butane may be cooled to very low 
(sub-zero) temperatures and still the solute will not 

30 precipitate from solution. There is also a fire risk 
with the use of butane. However, a carefully chosen 
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mixture of a co-solvent, such as liquid butane, and HFC 
134a, which is tailored to the particular requirements of 
the extraction process may be used in the process of the 
present invention. 

5 

The appropriate co-solvent and HFC 134a : co-solvent 
ratio is determined as follows. 

A bottle together with a removable seal is weighed 
10 and the weight recorded (Weight A) . This assembly should 
be designed to be able to withstand a pressure of say 10 
BarG. 

Into the bottle is placed a sample of the solute- 
15 containing raw material to be extracted. 

The bottle and seal is weighed again and the weight 
recorded (Weight B) . The bottle is then closed and 
sealed. The difference between weight B and A is the 
20 weight of the solute. 

The co-solvent alone is introduced into the bottle 
and the mixture shaken until the contents are homogenuous 
and the solute is in complete solution. The bottle and 
25 contents are weighed again and the final weight of the 
bottle and contents are recorded (Weight C) . The 
difference between weight B and Weight C is the weight of 
the added co-solvent. 

30 HFC 134a is then progressively introduced into the 

bottle. At first no obvious change takes place, but as 
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the quantity of HFC 134a increased, the contents of the 
bottle will be seen to turn from crystal clear to 
opalescent . 

5 The weight of the bottle and contents is again 

recorded (Weight D) . The difference between Weight D and 
Weight C is the quantity of HFC 134a added. 

In order to ensure that the composition has reached 
10 its optimum, the bottle may now be placed in a 
refrigerator, whereupon the contents will become cloudy 
and a clear and distinct layer of oil will separate and 
float on the lower layer of clear solvent . The solvent 
at low temperature can then be withdrawn and introduced 
15 to another bottle charged with more of the solute- 
containing raw material. This cold solvent will not 
dissolve the solute, but on warming, it will be seen to 
form a homogeneous solution (which will itself separate 
again into two layers on cooling) . 

20 

If this procedure is carried out carefully, it will 
allow calculation of the composition of a solvent 
mixture. For example: The total weight of solvent used 
is D - B. the weight of cosolvent is C - B and the weight 
25 of HFC 134a is D - C. 

Hence the weight % composition of the solvent is: 

Co-solvent = (C-B/D-B) x 100% 

30 HFC 134a = (D - C/D - B) x 100% 
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The % concentration of solute in the solution 
= (B-A/D-A) x 100% 

Example 

5 A 210ml capacity PET bottle (to which an aerosol 

valve can be removably fitted) was weighed. The assembly 
weighed 48 grams. 

Into the bottle was placed a sample of sunflower 
10 seed oil. The assembly now weighed 67 grams. Hence 
there was 19 grams of sunflower seed oil in it. The 
bottle was sealed. 

Liquid butane was introduced into the bottle (via 
15 the aerosol valve) and weighed again. It now weighed 97 
grams. Hence 30 grams of liquid butane had been 
introduced. The contents of the bottle (on shaking) were 
crystal clear . 

20 HFC 134a was now introduced into this mixture. When 

the bottle weighed 163 grams, the contents became an 
opalescent but otherwise homogenous (single phase) 
liquid. 66 grams of HFC 134a had been added. 

25 Placing this bottle in a refrigerator at 4 degrees 

Celsius for half an hour caused two layers to form. The 
top layer was a pale yellow oily liquid and the lower one 
a water white clear liquid. 



30 



Standing at room temperature for a few minutes 
caused the contents of the bottle to warm up and (on 
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shaking) the contents again became an opalescent 
homogeneous single phase liquid. 

The composition of the solvent was (from the above 
quoted figures) 38% butane, 62% HFC 134a and the weight 
concentration of sunflower seed oil in solution in this 
solvent was 2 0%. 

The invention will now be described with reference 
to Figure 1 which shows an apparatus suitable for 
continuous extraction of fixed and mineral oils according 
to one embodiment of the process of the present 
invention. 

Two vessels (1) and (2) equipped with closeable 
valves were coupled together via two sets of tubing (3, 
4) . Both vessels are capable of withstanding pressure 
typically up to 25bar. Below vessel <1) , the tubing (3) 
was in the form of a coil (5) sitting in a bath of liquid 
(6) which could be heated and maintained at a pre- 
selected temperature. The coil of tubing (5) could, 
however, be heated by another means or vessel (1) could 
be heated directly. 

Vessel (1) was equipped with an internal filter (7) 
at both ends, whereas vessel (2) was equipped with a 
filter (8) only at the lower end. 

The second vessel (2) was surrounded by coils (9) 
containing a flow of cooling liquid and the outside of 
the coils was insulated. Other means of cooling vessel 
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(2) could also be used, for example a stream of cooling 
gas or a cooling bath. 

The circuit was furnished with an inlet (10) and 
5 outlet (11) valves for solvent. During operation of the 
equipment, the inlet valve was coupled to a solvent 
reservoir (12) which could be used to both fill and the 
system with solvent and maintain the level of solvent 
during operation. Outlet valve (11) was provided to 
10 enable the system to be drained. 

At the tope of vessel (2) , a valve (13) is fitted to 
facilitate the recovery of oil when this becomes 
necessary or desirable. A pressure gauge (16) may be 
15 provided in the circuit. 

The operation of the equipment may be described as 
follows : 

20 1. Vessel (1) (which has removable end caps) is charged 
with the material from which oil is to be extracted 
(usually in the form of a finely divided particulate 
solid) . The end caps and filters are then replaced. The 
vessel is then connected to the remainder of the 

2 5 equipment. 

2 . The equipment (now fully sealed) is then fully 
charged with solvent from the bulk solvent storage tank 
(12) (which remains connected to the equipment throughout 
the operation) . Air is allowed to escape from the 

3 0 equipment via controlled opening of the valve (13) . 
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3. The hearing bath (6) is then filled with water or 
oil and the heating means turned on. 

4. Cold liquid or gas is circulated round the cooling 
coils (5) causing the temperature of the second vessel 

5 (2) (and its contents) to cool. 

As the temperature of the liquid in the heating bath 
rises, so does the temperature of solvent in the tube 
below vessel (1). This, of course, causes hot solvent in 

10 vessel (1) to rise through the contents of the vessel (1) 
due to natural convection. The contents of vessel (1) 
are restrained inside vessel (1) by the filters (7) 
disposed at the top and bottom. The liquid displaced 
upwards is replaced by cold liquid falling through vessel 

15 (2) due to convection. 

The entire liquid in the circuit thus becomes mobile 
and circulating. As hot liquid passes up through the 
contents of vessel (1) oil is exacted from this material. 
20 As the solution enters the top of vessel (2) it is cooled 
and its solute (the oil) precipitates out of solution. 

Because the oil is lighter than the solvent, it 
floats to the top of vessel (2) and collects there as it 
25 is not able to pass out of the bottom of vessel (2) . 

When it is considered that sufficient oil has been 
extracted, all the valves are closed except valves (14) 
(the inlet valve for vessel (2)) and valve (15) (the 
30 outlet valve for vessel (2)). Valve (13) is thus opened 
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to release the oil and the oil can be decanted into a 
bottle . 

The system may be emptied after use by allowing 
solvent to drain out of valve (1) into a suitable 
container for recover by evaporation and re -cycling. 

It will be immediately apparent to one versed in the 
art, that this process is capable of producing oil 
without any evaporative step. Since evaporation of the 
solvent is one of the major costs involved in more 
traditional methods of extraction, this constitutes a 
major improvement in the extraction of such oils and 
represents a significant cost saving. 

Since the solvent is neither flammable, nor toxic, 
nor environmentally damaging and (in normal operation) is 
never released into the environment, the process of the 
present invention represents a significant improvement 
over current technologies. 

In another embodiment of the process (not shown) , 
the apparatus comprises two sealable vessels (which are 
preferably transparent and made of strengthened or 
reinforced glass) each being capable of withstanding a 
pressure of up to 20 bar or even 25 bar. Each vessel is 
equipped with a closeable valve which acts as an inlet 
and an outlet valve. One vessel is also equipped with a 
removable filtering device, such as a wire gauze or wire 
wool to prevent the exit of raw material from the vessel 
at the same time as the solvent is withdrawn. 
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The two vessels are connected to each other via 
their inlet/outlet valves so as to form a sealed unit. 
Typically each vessel is 50mls to 2000mls capacity, and 
preferably lOOmls to 500mls. Such an apparatus is easily 
assembled and handled. However, there are no particular 
limitations other than the usual practical limitations, 
on the upper size of such apparatus. 

In use, raw material is placed in the first vessel 
and the extraction medium (ie the solvent) is also 
introduced into the first vessel. The inlet /outlet valve 
of both vessels are then closed and the ensemble is 
warmed, typically to 40° -60° (and preferably not more 
than 50 °C) , in an oven or using other suitable heating 
means. The apparatus may be agitated during heating or 
may contain agitation means such as a magnetic flea. 

After an appropriate residence time at the elevated 
(holding) temperature, typically in the range 1 to 2 0 
minutes and preferably in the range 3 to 8 minutes from 
the point of view of efficiency and cost effectiveness, 
the solution is transferred from the first vessel to the 
second vessel and the ensemble is cooled to room 
temperature or lower. Ideally, the ensemble is cooled to 
a temperature in the range -10° to 25°C and preferably in 
the range 0° to 20°C. Cooling below -10°C is possible 
but increases the costs and complexity of the process. 

Transfer of the solution is achieved via the 
inlet/outlet valves and the raw material remains in the 
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first vessel on account of the filter. The valves are 
closed following transfer of the solvent and before 
cooling is commenced. 

On cooling, the extracted oil precipitates out of 
solution and begins to aggregate. Since the extracted 
oil is invariably . significantly less dense that the 
solvent medium the extracted oil floats on the top of the 
solvent layer as a separate immiscible/insoluble layer. 
The extracted oil can thus be easily separated by 
decanting. The solvent, which is almost entirely free of 
the oil, can then be returned to the first vessel for use 
in a further extraction cycle. This process can be 
repeated several times if desired. From a practical 
point of view, 10 cycles is the upper limit with 3 to 5 
cycles being preferred on the basis of efficiency and 
time . 

This manual procedure, though highly effective, was 
somewhat tedious to carry out and the whole process is 
preferably performed as a continuous operation as 
described above . 

The present invention will now be illustrated be 
means of the following Examples in which Example 1 
described the isolation of a fixed oil and Example 2 
describes the isolation of a mineral oil. The procedures 
described in these Examples are, of course, applicable to 
other fixed and mineral oils. 

Example 1 : 
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A sample of 2 0 grams of roasted and finely ground 
cocoa beans (as raw material) was placed in a transparent 
sealable container furnished with a closeable valve. The 
container was capable of withstanding pressures of 20 
bar. The in/outlet valve of the container was equipped 
with a filter to retain ground-up bio-mass (the raw 
material) within this first vessel. 50 grams of HFC 134a 
was introduced into the vessel and the vessel was then 
sealed. A slurry was formed between the cocoa bean 
solids and the HFC 134a. 

A second (empty) transparent vessel which was 

similar to the first vessel was prepared and the two 

vessels were connected by means of their inlet/outlet 

valves. The valves of both vessels were both closed. 

The two connected vessels, one containing the slurry 
and HFC 134a and the other empty, were then placed in an 
oven until the temperature of the contents rose to 50 
degrees Celsius. 

When the two vessels had warmed up to 5 0 degrees 
Celsius, the valves were opened so that the warm HFC 134a 
was able to pass from the vessel containing the bio-mass 
to the empty vessel. The valves were then closed. 

The transfer and collection of the clear warm HFC 

134a was readily accomplished via the filters. No boi- 

mass was present in the clear solution which had been 
transferred to the second vessel . 
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Both vessels were allowed to cool. 

Upon cooling of the HFC 134a, it was observed that 
cocoa butter (ie cocoa oil) had precipitated out of 
5 solution as a flocculent white precipitate. 

Furthermore, due to the difference between the 
specific gravity of the "oil" (which in most cases is 
substantially lower than 1.00) and the solvent (which is 

10 substantially greater than 1.2) the precipitate was seen 
to rise to the surface of the (now cold) HFC 134a solvent 
leaving a clear layer of HFC 134a below it. A small 
amount of further precipitation of cocoa butter solids 
could be encouraged by refrigeration of the second vessel 

15 containing the HFC 134a. 

Recovery of the HFC 134a layer was achieved either 
by decantation or by further filtration. 

2 0 The cold solvent layer which then contained 

substantially no dissolved cocoa oil could then be 
returned to the vessel containing the original ground 
cocoa bean bio-mass and/or new bio-mass to be re-used in 
the extraction process. 

25 

When the first vessel was again warmed more cocoa 
butter could be extracted into the solvent, the solvent 
transferred is the second vessel and cooled. 

30 This cycle was repeated several times and a 

substantial amount of cocoa butter concentrated in the 
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second vessel. The roasted and ground cocoa beans in the 
first vessel were largely devoid of cocoa butter after 
only a few cycles (about 5) . 

Example 1: 

A sample of North Sea drilling mud comprised a 
highly acidic moist powder of finely ground mineral 
particles, water and oil. In the past, mud of this type 
has been jettisoned from the drill platform directly into 
the sea. This practice is coming under close scrutiny 
for environmental reasons as it is very damaging to the 
local environment . 

The process of the present invention allows recovery 
of some of the contaminating oil from such slurries. 
Disposal of the treated residue into the sea could then 
be allowed to continue without damage to the environment . 
The value of the oil recovered could help off -set the, 
inevitable on-costs of treatment. 

100 grams North Sea drilling mud was loaded into a 1 
litre vessel such as that described as vessel A in Figure 
1. An entire system as illustrated in Figure 1 was then 
assembled and sealed and filled with solvent which in 
this case was a mixture of HFC 134a (90% w/w) and butane 
(10% w/w) ] . 

The temperature of the contents of vessel A was 
allowed to rise to about 50 °C as the contents of vessel B 
were cooled to about 0°C. Solvent circulated quickly 
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around the system and a pale yellow oil began to 
accumulate at the top of vessel B. 

After 2 0 minutes of operation at equilibrium 
conditions (after stable temperatures had been achieved 
in vessels (1) and (2) ,. the system was system was shut 
down. All valves (except valves (14) and (15) and the 
bottle shut -off valve (10) were closed. Upon opening of 
valve (13) , solvent emerged and was collected in a 
bottle. Opening of valve (14) also caused solvent to 
emerge into the bottle. In so doing, the layer of oil in 
vessel (2) was observed to rise. As oil emerged through 
valve (13) , it was collected into a second sample bottle. 

A small quantity of solvent was seen to "boil -off" 
the oil sample. On a larger scale, this solvent could 
have been recovered and re -used. 



The oil was found by analysis to be of excellent 
(light) and saleable quality. 

The present invention thus addresses many of the 
disadvantages listed above and provides a means of 
obtaining fixed oils and mineral oils in good yields in a 
form approaching 100% purity. The following points 
relate to practical operating matters for the process of 
the present invention: 

Temperature difference between vessels (1) and (2) 

For maximum economic use of equipment designed to 
prepare extracts such as those of interest to us, it is 
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beneficial to operate vessels (1) and (2) at widely 
dissimilar temperatures. (The difference between these 
temperatures is commonly referred to as "AT"). The 
larger the "AT" the better the equipment will perform. 

5 

However, limits on "AT" are imposed by the design 
and fabrication of the equipment. 

Upper limit of operating temperature of Vessel (1) 

10 When HFC 134a is used, whether mixed with another 

solvent or not, a rise in the temperature of operation of 
Vessel (1) will automatically cause an increase in the 
pressure (vapour pressure) within the sealed system. 
Indeed, the highest operating temperature of vessel (1) 

15 must obviously never exceed and be less than the 
"critical temperature" of the solvent (mixture) in use. 

Also this highest operating temperature would be 
limited to a temperature above which damage to the raw- 
20 material or the extract might occur. 

Lower limit of operating temperature of Vessel (2) 

The operating temperature of Vessel (2) must be as 
low as can be conveniently arranged. Sub-ambient and 
25 even refrigeration temperatures can be used. 

The lower limit of operation of Vessel (2) will be 
determined by the characteristics of the solution (and 
its ability to dissolve solute). The solute must 

30 dissolve in the solvent as "poorly" as can be arranged 
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and the "poverty" of this dissolution can be enhanced by 
lowering the temperature .of operation of Vessel (2). The 
low limit is also governed by the viscosity of the 
resulting oil since at very low temperatures some oils 
may become difficult to handle. 
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Claims 

1. A method of extracting oil from a substance, 
the method comprising the steps of : 

a) contacting the substance with a solvent 
comprising HFC 134a, and optionally one or more 
co-solvents, in a sealed first vessel; 

b) elevating the temperature of the sealed first 
vessel, and optionally causing agitation of the 
heated mixture; 

c) separating the resulting solution from the 
substance by transferring the solution to a 
second vessel; 

d) cooling at least the second vessel to release 
oil from solution; and 

e) separating the oil from the solution. 

2. A process as claimed in claim 1, wherein the 
co-solvent is liquid at room temperature. 

3. A process as claimed in claim 1, wherein the 
co- solvent is selected from the group comprising: 
hydrocarbons; low boiling aliphatic esters; ketones; 
chlorinated, fluorinated and chlorof luorinated 
hydrocarbons ; ethers ; dimethyl f ormamide ; 
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tetrahydrof uran; dimethyl sulphoxide ; alcohols ; 

carboxylic acids; acetic anhydride; and nitriles. 

4. A process as claimed in claim 3, wherein the 
co-solvent is selected from the group comprising: 
alkanes; benzene and its esters; acetates and butyrates; 
acetone; methyl isobutyl ketone; methyl ethyl ketone; 
dichloromethane ; dichloro di f luorome thane ; dimethyl 
ether; diethyl ether; methyl alcohol; ethyl alcohol; n- 
propanol; iso-propanol ; acetic acid; formic acid; and 
acetonitrile (methyl cyanide) anhydrous liquefied 
ammonia, liqufied sulphur dioxide, nitric oxide, nitrogen 
dioxide, nitrous oxide, and hydrogen sulphide, carbon 
disulphide, nitromethane , and nitrobenzene. 



5. A process as claimed in claim 3 or 4 , wherein 
the co-solvent is selected from the group comprising: 
lower alkanes, lower alcohols (ie C 5 or lower) , acetone, 
dimethyl ether and diethyl ether. 

6. A process as claimed in any preceding claim, 
wherein the sealed first vessel is heated to a 
temperature of from 40 to 60°C, inclusive in step (b) . 

7. A process as claimed in any preceding claim, 
wherein the second vessel is cooled to a temperature in 
the range - 10° to 25°C, inclusive, in step (d) . 

8. A process as claimed in any preceding claim, 
wherein the substance is selected from the group 
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comprising: seeds, nuts, ground nuts, and oil shale or 
mud . 

9. A sealable apparatus comprising first and 
second vessels, each vessel having at least one closable 
value through which solvent may pass, wherein the first 
and second vessel are in fluid communication with one 
another by means of the closable valves, wherein the 
first vessel is adapted to receive a substance from which 
oil is to be extracted and incorporates a filtering 
device to prevent passage of the substance out of the 
first vessel through the or each valve, and wherein a 
solvent comprising HFC 134a together with one or more 
optional co-solvents is provided in the first vessel and 
may be transferred between the first and second vessels 
via the or each valve. 

10. Apparatus as claimed in claim 9, wherein the or 
each valve is a one way valve and the first and second 
vessels each have an inlet valve and an outlet valve, the 
apparatus being arranged in the form of a circuit so that 
the outlet valve of the first vessel is connected to the 
inlet valve of the second vessel, and the outlet valve of 
the second vessel is connected to the inlet valve of the 
first vessel, so that the flow of solvent around the 
circuit occurs in one direction only. 

11. Apparatus as claimed in claim 9 or 10, wherein 
the first vessel is provided with a heating means and/or 
is associated on its inlet side with means for heating 
incoming solvent . 
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12. Apparatus as claimed in claim 9, 10 or 11, 
wherein the second vessel is provided with cooling means 
and/or is associated on its inlet side with means for 
5 cooling incoming solution. 

13 . Apparatus as claimed in any of claims 9 to 12 
wherein the apparatus includes a reservoir of additional 
solvent and means for introducing or removing solvent 
10 from the circuit, the point of addition or removal of 
solvent from the circuit preferably being between the 
outlet side of the second vessel and the inlet side of 
the first vessel. 

15 14. Apparatus as claimed in any of claims 9 to 13, 

wherein the apparatus includes means for withdrawing from 
the second vessel directly and/or from the inlet side of 
the second vessel oil which has separated from the 
solvent . 

20 

15. Apparatus as claimed in any of claims 9 to 14, 
wherein the apparatus includes means for determining the 
pressure in the circuit and/or the temperatures of the 
first and second vessels. 

25 

16. Apparatus as claimed in any of claims 9 to 15 
wherein the first and second vessels are transparent 
pressure vessels capable of withstanding pressures of not 
more than 2 5 bar. 

30 
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